R enewed interest in donation after cardiac death (DCD) has emerged as more transplant programs pursue extended criteria donors to increase the pool of donor livers. Studies have shown a higher incidence of biliary complications after DCD liver transplant (LT) compared with donation after brain death (DBD) LT (1) (2) (3) (4) (5) . The reported incidence of biliary complications after liver transplantation using allografts from DCD ranges from 32% to 60%, compared with 5.8% to 15% in DBD allografts (1) (2) (3) (4) (5) (6) .
The biliary tract is supplied with arterial blood by the peribiliary vascular plexus. During DCD liver procurement, warm ischemia time (WIT) is defined as the time elapsed from withdrawal of life support until aortic cold perfusion is initiated. The lack of arterial perfusion of the biliary tree during this WIT results in injury to the biliary epithelium due to its sensitivity to ischemic injury (7, 8) . Lack of arterial perfusion to the peribiliary vascular plexus may contribute to the ischemic necrosis of the biliary system mucosa and cause biliary strictures (9) . Diffuse ischemic cholangiopathy is a serious complication that can lead to early graft failure (4) . Retransplant is generally regarded as the only treatment for ischemic cholangiopathy.
Historically, first-line treatments for biliary complications, including strictures, were surgery or percutaneous transhepatic cholangiography with balloon dilation (10, 11) . Endoscopic management is original articlE ©2012 Pulsus Group Inc. All rights reserved KP Croome, V McAlister, P Adams, P Marotta, W Wall, R Hernandez-Alejandro. Endoscopic management of biliary complications following liver transplantation after donation from cardiac death donors. Can J Gastroenterol 2012;26(9):607-610.
BACKGRound: Previous studies have shown a higher incidence of biliary complications following donation after cardiac death (DCD) liver transplantation compared with donation after brain death (DBD) liver transplantation. The endoscopic management of ischemic type biliary strictures in patients who have undergone DCD liver transplants needs to be characterized further. MEtHods: A retrospective institutional review of all patients who underwent DCD liver transplant from January 2006 to September 2011 was performed. These patients were compared with all patients who underwent DBD liver transplantation in the same time period. A descriptive analysis of all DCD patients who developed biliary complications and their subsequent endoscopic management was also performed. REsults: Of the 36 patients who received DCD liver transplants, 25% developed biliary complications compared with 13% of patients who received DBD liver transplants (P=0.062). All DCD allograft recipients who developed biliary complications became symptomatic within three months of transplantation. Ischemic type biliary strictures in DCD allograft recipients included disseminated biliary strictures in two patients, biliary strictures of the hepatic duct bifurcation in three patients and biliary strictures of the donor common hepatic duct in three patients. ConClusions: There was a trend toward increasing incidence of total biliary complications in recipients of DCD liver allografts compared with those receiving DBD livers, and the rate of diffuse ischemic cholangiopathy was significantly higher. Focal ischemic type biliary strictures can be treated effectively in DCD liver transplant recipients with favourable results. Diffuse ischemic type biliary strictures in DCD liver transplant recipients ultimately requires retransplantation. currently an effective treatment for biliary complications after liver transplantation (1, 12) . The present study aimed to further characterize the endoscopic management of ischemic type biliary strictures (ITBS) in patients who have undergone DCD LT.
MEtHods
After approval from the Institutional Review Board, a retrospective review was performed on all patients who underwent DCD LT between January 2006 and September 2011. These were compared with all patients who underwent DBD LT in the same time period. Data on these patients were prospectively entered into the transplant database.
All organs were procured from controlled DCD donors using techniques previously published (13) . Withdrawal was performed in the intensive care unit in 33 (92%) patients and in the operating room in three (8%) patients. The bile duct was anastomosed in a duct-to-duct fashion with a continuous absorbable suture. WIT was defined as the time elapsed from withdrawal of life support until aortic cold perfusion was initiated. Mean arterial pressure (MAP) was recorded in all patients from the time of withdrawal of life support until declaration of death. Presently, a maximal WIT of 30 min is used and, when deciding to use livers, a maximal donor age of 55 years is used as a cutoff; however, each case is assessed individually. During the initial development of the DCD program, several organs with longer WITs were used. Rewarming ischemia time during anastomosis in the recipient ranged from 45 min to 70 min.
Endoscopic retrograde cholangiopancreatography (ERCP) was performed postoperatively when indicated based on clinical factors such as persistent jaundice or increasing hyperbilirubinemia >6 weeks post-transplant. In cases of complexes strictures, preprocedural magnetic resonance cholangiopancreatography was performed at the discretion of the physician performing the ERCP. ERCP was performed with a therapeutic side-viewing endoscope. If localized strictures were present, a high-pressure biliary dilation balloon was used. Balloon sizes ranged from 4 mm to 10 mm depending on the diameter of the intrahepatic ducts. After dilation, plastic biliary stents (Cotton-Leung, Cook Medical, USA) were placed across the strictures. In the Multi-Organ Transplant Program, London Health Sciences Centre (London, Ontario), a dedicated transplant surgeon trained in ERCP performs all ERCPs on LT recipients. Biliary strictures were classified as disseminated or localized, involving the hepatic duct bifurcation, donor common hepatic duct or anastomotic site Figure 1 .
Statistical analyses were performed using STATA version 10.0 (STATA Corp, USA). Univariate logistic regression was performed. The donor covariates analyzed included: age, sex, cause of death, body mass index, WIT, cold ischemia time (CIT) and time of MAP <55 mmHg.
Recipient Model for End-Stage Liver Disease (MELD)score was also examined. Due to the small sample size, multivariate-adjusted logistic regression was not performed due to concerns about the dimensionality of the data. All statistical tests were considered to be significant at P<0.05.
REsults
A total of 36 patients underwent DCD LT between August 2006 and September 2011. The mean (± SD) donor age was 41.8±13.19 years. The median WIT was 27 min (range 18 min to 124 min) and the mean CIT was 5.6±1.1 h. The mean recipient age was 53.6±8.0 years and the mean MELD score was 17.5±8.3. Donor and recipient characteristics are summarized in Table 1 . One-and two-year patient survival rates were 91% and 80%, respectively. One-and two-year graft survival rates were 91% and 73%, respectively.
A total of 327 patients underwent DBD LT between August 2006 and September 2011. The mean donor age was 45.93±10.04 years. Mean CIT was 7.2±2.5 h. The mean recipient age was 54.95 ±10.07 years. The mean MELD score was 18.98±9.79. Donor and recipient characteristics are presented in Table 1 .
Twelve DCD recipients (33.3%) required one or more ERCPs due to suspected bile duct complications. In three recipients, no biliary abnormality was identified and serum bilirubin elevation was attributed to other causes (ischemia reperfusion injury, prolonged total parenteral nutrition, severe cholestasis preliver transplant, etc) because it later normalized. In nine recipients (25%), a biliary complication was detected. All of the patients who developed biliary complications became symptomatic within three months of LT. There were no deaths associated with biliary complications. ITBS included disseminated biliary strictures in two patients (5.6%), and localized biliary strictures in six patients (three hepatic duct bifurcation strictures and three donor common hepatic duct [CHD] strictures). One recipient developed an anastomotic stricture. None of the DCD recipients developed bile leaks. A summary of the biliary complications is presented in Table 2 . One patient with disseminated biliary strictures was retransplanted four months after the original LT, after three attempts at endoscopic management. The other patient with disseminated biliary strictures was initially managed with three endoscopic procedures and ursodeoxycholic acid and has since been retransplanted.
All of the recipients with localized hepatic duct bifurcation strictures and donor CHD strictures were successfully managed with ERCP biliary stenting using plastic stents, with an average of 2.63 procedures per patient during the first year post-transplantation. One patient with a localized hepatic duct bifurcation stricture died from hepatitis C virus recurrence. Three of the remaining five patients with localized strictures are stent free and all have normal graft function (good synthetic liver function [international normalized ratio <1.3]) and normal transaminase levels (aspartate amino transferase/alanine aminotransferase <32 IU/L) at >1 year after LT. Two patients were treated with sequential stents in both the right and left hepatic ducts. In all of the patients, bilirubin levels normalized and jaundice disappeared. None of the patients receiving ERCP developed ERCP-related complications such as pancreatitis or perforation. A flow chart of the biliary complications as well as their management (number of ERCPs and stents) is presented in Figure 2 . DCD LT recipients were compared with DBD LTs performed during the same time period (Table 2 ). DCD LT recipients experienced a significantly higher rate of diffuse ischemic cholangiopathy than DBD recipients (5.6% and 0%, respectively [P<0.001]). DCD LT recipients also experienced a significantly higher rate of hilar strictures than DBD recipients (8.3% and 0.3%, respectively [P<0.001]). The two groups did not show any significant difference in the rate of extrahepatic and anastomotic strictures, or in the rate of bile leak.
Univariate logistic regression was performed in DCD graft recipients to determine the odds of biliary complications (of any type). None of the parameters tested were statistically significant. Recipient MELD score showed a nonsignificant trend for predicting the odds of biliary complications (P=0.1), as did an interaction term of donor age and the time period that the donor had a MAP <55 mmHg (P=0.12).
disCussion
The sensitivity of the biliary tree to ischemic injury makes it particularly vulnerable when livers are procured from DCD donors (7) . Events during the period of withdrawal of life support, such as hypoxia, hypoperfusion and microthrombi, can produce irreversible injury that may not become apparent until weeks after the graft has been transplanted. The higher incidence of biliary complications after DCD LT (32% to 60%) compared with DBD LT (5.8% to 15%) is well documented (1, (3) (4) (5) 14, 15) . ERCP management of biliary complications post-DBD LT is becoming increasingly ubiquitous (16) (17) (18) . The use of ERCP for biliary complications after LT has been well established; however, its role in the management of biliary complications in DCD recipients is less well described. Previous authors have reported an ERCP rate of 48% in DCD recipients (1) . In the current study, 30.6% of the DCD recipients required ERCP. All of the patients who developed biliary complications became symptomatic within three months of transplantation.
In the current study, localized strictures in the hepatic duct bifurcation and the donor CHD were managed with ERCP stenting. Several of these cases required multiple ERCPs with the deployment of Data presented as n (%) unless otherwise indicated. DBD Donation after brain death; DCD Donation after cardiac death multiple stents. One patient with a localized hepatic duct bifurcation stricture died from hepatitis C virus recurrence. None of the remaining five patients who experienced localized strictures have developed graft failure. Previous authors have achieved success in treating biliary strictures with the use of multiple stents in DBD LT recipients (17) . While all of the patients in the present study were treated with plastic stents, several authors have begun using self-expanding metallic stents for the treatment of biliary strictures post-DBD LT with reasonable success (19, 20) . Self-expanding stents have been shown to be superior to plastic stents in the context of biliary malignant obstruction. However, historical reports suggested that their use in bile duct strictures post-liver transplant yield poor results (21) . In light of the recent literature showing favourable results, their use in post-transplant strictures could perhaps be revisited in future studies. There is an increased incidence of diffuse biliary strictures among DCD allografts (2, 3, 14, 22) . Our study clearly shows a significantly higher rate of diffuse ischemic cholangiopathy in recipients of DCD allografts compared with DBD allografts. While disseminated biliary strictures are generally believed to be less amenable to ERCP, we were able to manage one patient in the current study with disseminated biliary strictures with multiple ERCP procedures and ursodeoxycholic acid with favourable results until they could be retransplanted. A significant amount of the data describing morbidity and mortality to biliary complications predate the era of routine ERCP. Presently, the rate of biliary complications in patients undergoing DCD LTs is higher than those undergoing DBD LT. Our experience suggests that the majority of biliary complications in patients receiving DCD LTs, such as recipients of DBD grafts who develop biliary complications, can be effectively treated by endoscopic intervention. Patients who develop disseminated ischemic cholangiopathy ultimately required retransplantation.
In DCD LT recipients, none of the parameters tested were statistically significant predictors of the odds of biliary complications (of any type). Recipient MELD scores had a nonsignificant trend for predicting the odds of biliary complications (P=0.1), as did an interaction term of donor age and the time period that the donor had a MAP <55 mmHg (P=0.12). Previous authors have suggested that a recipient MELD score ≥35, donor age ≥50 years and donor WIT ≥35 min are predictive of graft failure in DCD LT recipients (23) . A study examining a larger cohort of DCD transplants would certainly be of value to determine whether the trends for predicting biliary complications achieve statistical significance.
ConClusions
There is a trend toward increased incidence of biliary complications in recipients receiving DCD donor livers; however, when diagnosed early, endoscopic stenting can improve outcomes, especially in those with localized strictures in the hepatic duct bifurcation and the donor CHD hilar. Patients with disseminated ischemic cholangiopathy will ultimately require retransplantation.
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